Objective: We evaluated the effect of late preterm delivery (34 to 36 weeks) on hospital mortality of infants with congenital heart defects (CHDs).
Introduction
Infants with congenital heart defects (CHDs) are at an increased risk for death compared with infants without CHDs born at similar gestational ages. 1, 2 Other factors, such as the presence of noncardiac congenital anomalies, can increase the risk of death of infants with CHDs. [3] [4] [5] The presence of extracardiac anomalies is more prevalent in infants with CHDs. 1 Other factors that might affect morbidity and mortality, such as being small for gestational age (SGA) or having necrotizing enterocolitis, were also reported to be more prevalent in premature infants with CHDs. 2 Identification of risks for death is useful for perinatal counseling and in weighing risks and benefits of planned preterm delivery for complicated pregnancies. We evaluated the risk of death associated with late preterm birth (34 0/7 to 36 6/7 weeks) in infants with severe CHDs, and we hypothesized that late preterm birth independently subjects these infants to additional risks for death compared with birth at term.
Methods
We conducted a retrospective record review of infants born at or after 34 weeks, cared for in a neonatal intensive care unit (NICU) of a single subspecialty perinatal center from 1 January 2002 to 1 May 2009 using the NICU database. Most of the CHD types included in the analysis (and their frequencies) are summarized in Table 1 . The study population also included two patients with pentalogy of Cantrell, two patients with Epstein's anomaly and eight patients with Shone's complex. We did not include infants with isolated atrial septal defects, patent ductus arteriosus, ventricular septal defects, coarctation of the aorta, arrhythmias or cardiomyopathies in the analysis.
We defined hospital mortality as death during the initial NICU hospitalization or death at other centers, if an infant was transferred. We excluded death on re-admission for a subsequent hospitalization. Small for gestational age was defined as birth weight less than the tenth percentile as reported to the center by Vermont Oxford Network based on an analysis of the U.S. Vital Statistics Natality data sets for 2001 and 2002 by the National Center for Health Statistics. Infants were considered as having necrotizing enterocolitis, if they had radiographic evidence (Bell stage 2) and or if they had intraoperative or specimen histologic findings of necrotizing enterocolitis. 6 Infants with blood cultureproven infections were considered to have sepsis. A severe intraventricular hemorrhage (IVH) was defined as either grade 3 or 4 IVH. Minor anomalies or isolated cleft palate were not included in the extracardiac congenital anomalies.
Univariate analysis was carried out using chi square tests for dichotomous variables and student t-test for continuous variables.
Non-parametric tests were used when data were not normally distributed. A critical value (alpha) of 0.05 was used to determine statistical significance for each variable. Stepwise (forward), multivariate logistic regression was performed to determine which of the univariate elements were independently associated with the outcome of interest (hospital death). A critical value of 0.10 was used to include co-variates in the model development, whereas a value of 0.20 was used to remove co-variates from model development. A maximum iteration of 20 steps was selected for our model development process. Univariate and multivariate analyses were carried out using commercially available statistical software (PASW 18, SPSS, Chicago, IL, USA).
Results
There were 753 infants with major CHDs; 117 were born at 34 to 36 weeks and 636 were born at 37 weeks or greater. Hospital mortality rate in the study population by gestational age is displayed in Figure 1 .
Univariate comparisons of patient characteristics and outcome variables between infants born at late preterm and term gestational ages are summarized in Table 2 . Infants in the late preterm group were of lower birth weight and gestational ages than the term group. Operative delivery, multiple births, presence of other noncardiac congenital anomalies, need for endotracheal intubation in the delivery room, treatment with surfactant and hospital death were significantly more frequent in the late preterm group compared with the term group. The two groups had similar frequencies of the more common types of CHD. Term infants had a higher incidence surgical intervention. However, the mortality following surgery was significantly higher in the late preterm cohort, as shown in Table 2 .
Intubation in the delivery room, chest compressions in the delivery room, mode of delivery, place of birth, presence of other congenital anomalies, late preterm birth, small for gestational age, multiple birth, race and gender were significantly associated with the outcome variable (death) in the univariate analysis. These covariates were included in the logistic regression using a forward multivariate logistic regression model. Of the co-variates entered into the model, only intubation in the delivery room, gestational status (late preterm versus term) and race (Caucasian versus other) were retained in the final model. The influence (odds) on the outcome (death) for each of these co-variates is presented in Table 3 .
Discussion
Our analysis demonstrated that late preterm birth was independently associated with increased risk for hospital mortality in infants with major CHDs. Tanner et al. 1 reported that infants with CHDs had higher odds for infant mortality at term than those born at 32 to 36 weeks, relative to normal infants. Other reports that described the effect of prematurity on the outcome of infants with CHDs included a wider range of gestational ages 5 or focused on very-low birth-weight infants. 7 Other reports of outcome of infants with CHDs described actuarial survival 3 or infant mortality. 1, 8 Our report focuses on the effect of birth at the narrower range of late preterm gestational ages (34 to 36 weeks), a cohort that is increasingly identified as an at-risk population. This report also provides outcomes representative of a more current era of neonatal care (2002 to 2009).
Several reports described outcome of infants with CHD, who lived long enough to undergo specific surgical procedures. 4, [8] [9] [10] [11] [12] Our report evaluated the risk for hospital mortality in infants born with major CHDs who were supported with intensive care. In all, 25 (26%) of the infants died before undergoing surgical procedures, similar to that reported in Fesslova et al. 3 (33%). The presence of extracardiac congenital anomalies was reported to be associated with increased risk for death in infants with Figure 1 Hospital mortality by gestational age weeks.
CHDs. 3, 4 We included the presence of extracardiac anomalies in the logistic regression model, and this was not identified as an independent risk factor. We also found a higher frequency of associated non-cardiac anomalies than Patel et al. 4 Other investigators reported on outcome of fetuses diagnosed with CHDs (29% were terminated), 3 or of infants diagnosed with CHDs within the first year of life. 1, 13 Our inclusion of infants with CHDs who were resuscitated at birth is more relevant to clinical practice in the NICU.
The frequency of infants who were SGA (21.5%) is comparable to the rate (15.2%) reported in Malik et al., 14 which described an association between CHDs and SGA in a population-based study. However, we did not find SGA to be independently associated with hospital mortality.
Non-white mother was associated with increased risk for childhood mortality in a population study of infants with major congenital anomalies. 15 We identified non-white maternal race as an independent risk factor associated with increased hospital mortality in our population of infants with selected severe CHDs. This finding deserves further evaluation. 'White' race included Hispanic-White in our study. However, there was a very low prevalence of Hispanic mothers (3%) in the population that we studied.
Our report is limited by being a retrospective analysis from a database comprised of infants admitted to a single NICU, with a high representation of infants with HLHS (34%). However, this is the first report to evaluate the independent effect of late preterm birth on hospital mortality. Our inclusion of selected major CHDs contributes to the clinical relevance of the report. Our findings are useful for prenatal counseling of expectant mothers with fetuses with major CHDs and should be considered in weighing the risks and benefits of elective late preterm delivery of complicated pregnancies. Validation of our findings in a larger, multicenter database is warranted before generalizing these findings.
